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5.0 OBJECTIVES 


After studying this unit, you should be able to: 


trace the history and development of integrated pest management system 
and its importance to combat pests and diseases; 


get acquainted with crop rotation for disease management; 


explain different cropping systems including trap crop and antagonistic crop 
plantation; 


describe the role of organic and inorganic matter in pest and disease 
management; 


enumerate different types of bio-pesticides, their mode of action and efficacy; 
and 


explain bio-control measures using parasitoids/parasites, predators, microbial 
pathogens by manipulating host environment and using antagonists. 


5.1 INTRODUCTION 


In the previous unit, importance of farmyard manure (FYM) and identify different 
sources of organic manure, role of bacteria and fungi as low cost bio-fertilizers, 
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use of sewage and sludge in agriculture were covered. The measures for enhancing 
organic matter for better soil health were also explained. 


The development of resistance to insecticides and growing awareness of the 
extent of the environmental hazards associated with the use of chemical 
insecticides has led to the concept of integrated pest management (IPM). 
Satisfactory control of most plant diseases requires integration of several 


‘procedures including manipulation of environment. 


Integrated control involves management systems which consider the interaction 
amongst the whole range of organisms with beneficial, neutral, pest and pathogen 
status, with long-term aim to increase the level of pest and disease suppression 
achieved by a natural way. IPM is a control strategy in which a variety of cultural, 
biological and chemical control measures are combined to provide stable, long- 
term pest and disease control. By reducing use of toxic chemicals like fungicides, 
antibiotics and insecticides, the economically viable and environmentally safe 
methods contribute to the reduction the biotic stresses to a safe level. Several 
cultural and bio-control methods, such as, crop rotation with the use of non-host 
crop; changed cropping system, namely, intercropping, mixed cropping, trap crop 
planting and antagonistic crop planting; organic and inorganic amendments and 
mulching; use of bio-pesticides and various groups of bio-control agents are 
some of the important measures for effective IPM. Different cultural methods 
are followed mainly for obtaining maximum yield under a particular set of 
environmental conditions. The economically viable and environmentally safe 
non-chemical methods need to be practiced which considerably reduce the biotic 
stresses. 


In the next unit, you will be exposed to the indigenous technical knowledge in 
water conservation in different parts of the country. On—field water conservation 
and various agronomical mechanical measures for water conservation will also 
be dealt with. 


5.2 CROP ROTATION AND CROPPING SYSTEM 
IN RELATION TO PEST AND DISEASE 
MANAGEMENT 


Crop rotation and cropping system are the important cultural methods for pest 
and disease management which aim at reducing pest and pathogen population 
by suitable adjustment of agronomical practices. 


5.2.1 Crop Rotation © 


Planting or sowing of botanically unrelated crop plants in a seasonal sequence is 
agronomically known as crop rotation which helps to maintain soil structure and 
retain soil fertility. Cultivation of a crop continuously on the same land for a 
long time reduces the soil fertility due to continuous uptake of nutrients, 
accumulation of organic acids and toxic substances released by the crop and 
increase of pest and pathogen population due to regular presence of susceptible 
host. Crop rotations help in overcoming these problems and reduce pest 
populations in the following situations. 


e Incidence of potato tuber moth, Pthorimoea operculella can be reduced 
by suspending the cultivation of potato or tobacco crop in an affected 
‘area for 2-3 years; 


e In white ant, Microtermes sp. problem areas, crops like wheat, sugarcane 
or chillies should be rotated with tobacco or onion; 


e Rice gall midge, Orseolia oryzae, yellow stem borer, Scirpophaga 
incertulas, and leaf folder, Cnaphalocrosis medinalis can be regulated 
by adopting rice followed by legumes, solanaceous or malvaceous 
vegetables instead of rice followed by rice. 


Crop rotation of same group of crops should be discouraged. For example, 
vegetables, like, cucurbits, crucifers and solanaceous crops should not be used 
to reduce pumpkin beetles, Raphidopalpa foveicollis, diamond back moth, Plutella 
xylostella and stem borers, Leucinodes sp. and Euzophora sp., respectively. 
Similarly, ginger, turmeric; okra, cotton; potato, tobacco; rice, ragi should not be 
rotated sequentially keeping in view the common pests that attack both the crops. 


In case of diseases, the soil borne pathogens having limited survival ability in 
soil, restricted only to their host residue are starved due to continuous absence of 
their living host, or their inoculum density is reduced to a safe level. Different 
types of crops have different physical, chemical and abiotic effects on the soil 
environment. Some of these effects may be unfavourable for survival and growth 
of pathogens. Crop rotation increases the contribution of antagonistic 
microorganisms in the biotic environment. The soil borne pathogens which attack 
plants of one or a few species or even families of plants, can sometimes be 
eliminated from the soil by planting crops belonging to species or families not 
attacked by the particular pathogen for 3-4 years. Wilt disease of pigeonpea, 
chickpea, pea, cotton and linseed; red rot and wilt of sugarcane for ergot and 
smut of pearl millet (bajra); bunts of wheat; leaf smut and bunt of rice; moyla 
disease of wheat and barley and root knot of vegetable crops are some of the 
examples of soil borne diseases. Crop rotation is effective in eliminating or 
reducing the nematode populations in the field. The nematodes, Heterodera, 
Globodera and Meloidogyne, do not survive in the soil for long; therefore crop 
rotation with non host crop is recommended to manage the diseases caused by 
them. For management of wheat take-all caused by Gaeumannomyces graminis 
var. tritici and winter wheat stripe caused by Cephalosporium gramineum, 2 or 
3 years rotation with potato, corn, beans, sugar beets, peas or lentils is effective. 
The tomato bacterial wilt caused by Burkholderia solanacearum can be managed 
by crop rotation with rice or cowpea. Short-term rotations of succeeding crops 
also have some specific effects on the pathogens of the preceding crop are cited 
in Table 5.1. 


Table 5.1: Effect of Short Term Crop Rotations on Some Pathogens 


Eliminated 
Coton 
Wiest | Pea | Gaeumannomyces graminis | 
Rice Legumes, wheat, sesame 


Cereals Pratylenchus penetrans 


Preceding Crop 
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Criteria for selecting crops for rotation: The success of crop rotation for pest 
and disease control depends on the proper selection of crops in the sequence and 
of the method of survival of the pest and pathogen. Two main criteria are followed 
for crop selection. 


(i) Crops grown between the susceptible host crops should be non hosts and 
their root exudates should not directly or indirectly favour the survival of soil 
borne pathogen; and (ii) Structure of survival of pests and pathogen and their 
longevity should be known, 


5.2.2 Cropping System 


Continuous monoculture of annual crop may provide conditions for rapid 
multiplication of pests and pathogens, especially in case of soil borne pathogens. 
Thus multiple cropping system or trap crop planting is followed to create 
conditions unfavourable for survival of pests and pathogens. 


Multiple cropping: It is the system of growing two or more crops as intercrop, 
mixed crop or barrier crop simultaneously or in a staggered manner so that the 
growth period of two crops overlaps. Generally, the crops that are not infected/ 5 
infested by the same pathogen/pest are selected. Crops which are planted as 
intercrop or mixed crop may lead to following positive impacts: 


i) modify the microclimate of another crop; 
ii) intercept or filter the spores of the pathogens; 
iii) restrict the movement of pests and vectors of viruses; and 


iv) reduce the infectivity of stylet-borne viruses which are lost when vectors 
feed on non-hosts. 


Intercropping: Planting of non host plant crops after 2-3 rows of main crop has 
been found to be effective in reducing the diseases and pests in the following 
cases. 


e Growing castor/sunflower in groundnut is beneficial to guard from 
tobacco cutworm, S. litura; 


e Growing cowpea/onion/soybean as an intercrop in cotton helps to reduce 
early stage pests like thrips, aphids, jassids etc; 


e When pearl millet is grown as intercrop with peanut the severity of 
early and late leafspot and rust diseases is reduced; 


e Sorghum as an intercrop with peanut reduces the incidence of rust 
disease; 


e Bean intercropped with corn is affected less by several diseases, such 
as, anthracnose, common blight, haloblight, powdery mildew and scab; 


e Planting shade trees to shield cocoa plants reduces the attack by 
Verticillium dahliae, since; they. check excessive solar radiation which 
predisposes the infection; 


e The Phytophthora blight of red pepper (Capsicum annuum) caused by 
Phytophthora capsici is effectively suppressed by growing sesame or 
peanut as intercrops; and 


e The incidence of tomato leaf curl is reduced when tomato is interplanted 
with cucumber or with pigeon pea. 


Mixed cropping: This is different from inter-cropping as in the mixed cropping 
system, several crops are grown together in random mixed pattern by sowing a 
mixture of seeds, whereas, in intercropping system, two or more crops are grown 
together simultaneously in the same field but in separate rows or blocks. Mixed 
crops such as wheat-barley, wheat-gram, arhar-jowar, etc. reduce.economic loss 
from diseases. Since, same pathogen does not attack, both the crops grown 
together in the same field; at least one crop is saved if other one gets infested. In 
addition, mixed cropping reduces spread of diseases due to the following: 


a) Sufficient spacing between the plants of same species reduces chances 
of contact between foliage and roots; 


b) Roots of non-host plants act as physical barriers; 


c) Roots of plants releasing toxic substances, which inhibit the growth of 
pathogen present in the environment. HCN in root exudates of jowar is 
toxic to Fusarium udum, the pathogen that causes wilt of arha; 


d) Reduced number of host plants in the susceptible area for an air-borne 
foliar pathogen decreases resulting in decrease in primary infection and 
production of secondary inoculum. 


Trap crop planting: A trap crop refers to a small planting often occupying only a 
few rows, planted earlier than the main planting to divert insects away from the 
main crop. The trap crop can either be harvested early or cut and used as fodder 
before the generation of the insect/pest gets completed. Following one some of 
the examples of trap crop planting. 


e Early planting of a few rows of cotton reduces the population of over 
wintering bollworm, P. gossypiella; 


e Okra is often sown with cotton to attract jassid, A. biguttulla and spotted 
bollworm, E. vittella and the plants should be destroyed before the insects 
migrate to cotton field; 


e Red gram may be used as a trap crop in mixed cropping with cotton to 
reduce the attack of cotton grey weevil, Myllocerus sp. which shows 
preference to red gram in relation to cotton; 


e Planting trap crops like sunhemp especially in cucurbit fields reduces 
the fruit fly, Bactrocera spp. infestation; 


e Soybean in groundnut fields traps leaf miner and webber, Aproaerema 
modicella; 


e Growing mustard in cabbage to trap diamond black moth, Plutella 
xylostella is advantageous; 


e Sunhemp and uprooting them after two months reduces nematode 
population in soil. 


Antagonistic crop planting: Antagonistic crop also refers to a small planting 
raised as an intercrop or border crop where root exudates of these crops possess 
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Introduction to Rainfed chemicals released into the soil and inactivate the soil inhabiting pests or 

Famin j pathogens like nematodes. Growing marigold (Tagetes minuta) in vegetable fields 
as an intercrop or border crop makes the field free from plant parasitic nematodes 
in soil due to antagonistic effects of root exudates. 


Check Your Progress 1 
Note: a) Compare your answers with those given at the end of unit. 


b) Use the space below for your answers, 
1) What does IPM refer to? i 


sesesessssesesosssesesossssesosessossssssesesssssssesesesssosssssssssssssssssesesssssesssessossessssosssosososossosess 
sesesssesssssesesesssesossssssososeseoosossssosssososssssssosesesessssssssesssssssssssssesosossosessosoooseseesosseoeo 
eee eee ee eee errr ere reer errr rer reer errr rrr rer rrr rrr rrr rere errr err er rrr rrr rere reer reer errr rere 


eee eee eee eee eee ere reer reer errr re rrr rer rer rrr errr rrr rrr rrr rrr rrr rrr rrr rrr irr) 


2) Distinguish between crop rotation and cropping system? 


Aen meee eee e esse eee e seers eee eee eases eee see ee eases eee es see see EEE EES EE EEE HE HEE EEEEE SEE EE SEE EE EEE EOE SEEDS EESEEEEES ED 
PO e eee een mene eee e sees eee e sees ee reese esas eases eases eases se ees eee eee see EE EEE SESE EEE SEE SEE SESE EEETEEEE EEE EEE EEE EES 
SOR Reem meee renee nee sees eee e sees esses eae ee eases eee ee sees esses esse see ees eee ee ees ee ees esses ees se sss eee ses seeeaeeee 


TORR Rete meee eee eee eee eee EOE EOE SE EEE OE EES EEE OE ESE EEE SESE EEE EE EOE EEEEEEEE EOE EE SEES EE SEE SESE SEE EEEEEEEEEeEsEeees 


3) How does mixed cropping help in disease management? 


Fee R eee eee eens e nearer ee eee eee Eee EE ee eee eases EE Ee Eee SESE EESEE EEE EEE HEHE HEHEHE EE EEE SEEEE OEE SEES EEE EEE EEE EEEEEE® 
AO e eee meee ee eee e eee e ee eee eee eee E EEE EEE EE EOE EE ESE EE ESE SE EEE EEE EEE EEEES EEE SEEEE HOES ESSE SEEDS ESE EEE EEE EEE EEE EEE EEE 
Oem mee een e eee eee reeset eee e eee ee eee esses eae see esses Eee eee ees EES ee EEE EEEHEEE HESS ESE SOE SEE EE EEE EEEHE EES EOE EEE EEES 


POeeee eee CeCe reer reer errr re rrerrr rrr rrr rrr rrr rrr rere errr rer rere errr rrr rr rrr rer irr rere rere errr rrr errr irre erry 


4) Fill in the blanks: 


i) Growing castor/sunflower in groundnut iS eseese to 
guard from tobacco cutworm. 


ii) Wilt disease of pigeon pea, chickpea, pea, cotton and linseed are the 
BRAUN EO E E disease. 


iii) Growing marigold (Tagetes minuta) in vegetable fields as an intercrop 
or border crop makes the field free from plant parasitic ..............00 
in soil due tó antagonistic effects Of TOO ss.sisssessssestssirssnsecessees: : 


iv) Continuous monoculture of annual crop may provide conditions for 
rapid multiplication OF ssns ANG oto E TENTE AA 5 
especially In COSC OF aiaee pathogens. 
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5.3 USE OF ORGANICS AND INORGANICS 
MATTER FOR CONTROL OF PESTS AND 
DISEASES 


The stimulation of plant growth by application of manures and fertilizers is a 
useful agricultural practice, which helps to minimize the pest and pathogen attacks 
besides influencing the crop growth. The pest and pathogen attacks are minimized 
considerably in a healthy plant. 


5.3.1 Use of Organic Matter 


Organic amendments: Addition of organic matter enhances soil fertility and 
improves crop yield besides improving soil structure, water retention capacity 
and aeration in soils. The organic amendments prevent infection by activating 
soil micro flora potentially competitive with or antagonistic to plant pathogens 
present in the soil or control the plant pathogens by producing toxic compounds 
in the soil. However, organic matter must be properly composted before 
incorporation in the soil otherwise; the pathogens surviving in organic matter 
will enter the soil. A variety of following organic amendments is used to minimize 
disease and pest attacks. 


e Application of farmyard manure (FYM) reduces the survival rates of 
Gaeumannomyces graminis var. tritici and Pseudocercosporella 
herpotrichoides causing take-all and eyespot diseases of wheat; 


e Recycled organic material composts significantly reduce wheat take- 
all, pea rot and strawberry red core diseases; 


e Severity of Rhizoctonia stem canker of potato reduces by application of 
FYM; 


e Application of manures at the appropriate time and light application of 
nitrogenous fertilizer at the flowering stage help the plant to resist cotton 
whitefly, B. tabac; and 


e Application of neem oil cakes in the soil helps in keeping down the 
nematode population in cotton. 


Organic mulches: Organic mulches consisting of stubbles and other plant debris 
are used primarily for conservation of soil moisture and organic matter and 
reducing soil erosion and also help in minimizing diseases. Following are some 
of the examples. 


e Infection of apple roots by Sclerotium rolfsii is markedly reduced by 
the application of mulches by reducing soil temperature; and 


e Application of inert materials as mulches helps in reducing diseases. 
Sand and sawdust covering reduce damping off and seedling diseases 
caused by Pythium debaryanum, Rhizoctonia solani, Phytophthora spp., 
and Fusarium spp. in sugar beet and cabbage nurseries. 


5.3.2 Use of Inorganic Matter 


Fertilization: Due to inadequate availability of organic matter, dependence on 
inorganic fertilizers increases to meet the nutritional requirements of crops for 
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enhancing their productivity. Nutrient stress itself can cause several deficiency 
diseases in many crops. It also lowers the resistance of crops to some pests and 
diseases. Balanced nutrition is therefore, essential to achieve high crop 
productivity. 


Nitrogen: The excess dose of nitrogen increases the susceptibility of crop plants 
to several diseases, as it affects the hosts in rusts and powdery mildews of wheat, 
blast of rice, mosaic of tomato, etc. However, Verticillium wilt of cotton is reduced 
by nitrogen application as NH,NO, but not by NH, or NO, separately. Disease 
suppression by nitrate fertilizers may be achieved in case of fusarial wilts of 
bean, chrysanthemum, cotton, tomato and wheat and diseases of many crops 
caused by Sclerotium rolfsii. Further, suppression of cabbage club root caused 
by Plasmodiophora brassicae with the use of lime can be further enhanced by 
application of nitrate fertilizer. This suppression is mainly attributed to a shift in 
pH of soil, especially in root zone. 


Phosphates: Phosphate fertilization enhances resistance in crops. Wheat take- 
all disease becomes less in phosphate applied field. Higher level of phosphorus 
reduces the incidence of potato scab (Streptomyces scabies), potato late blight 
(Phytophthora infestans), groundnut rust (Puccinia arachidis) and cowpea 
anthracnose (Colletotrichum lindemuthiam). 


Potash: Potassium has a key role in osmoregulation in the cell and maintenance 
of electrical balance across the plasma membrane. Abundant supply of potassium 
enhances the level of resistance of plants to several diseases. Resistance to cereal 
rusts and powdery mildews is increased by higher dose of potassium due to 
strengthening of the epidermal cell wall. 


Inorganic mulches: The use of plastic foils as mulch has become more popular 
to manage some diseases affecting high value crops. The use of thin transparent 
polythene sheets to cover the soil, after irrigation during summer, i.e. soil 
solarization is very effective measure to control several soil borne diseases. 
However, in rainfed condition, soil solarization may not be possible. Instead, 
black or green polythene mulch can be used. Black one reduces cucumber downy 
mildew (Pseudopernospora cubensis) and grey mould disease of strawberry 
caused by Botrytis cinerea, while, green one is effective to control Sclerotiana 
sclerotiorum on cucumber. 


Check Your Progress 2 
Note: a) Compare your answers with those given at the end of unit. 
b) Use the space below for your answers. 


1) What organic matter should be applied for keeping down the nematode 
population in culture? 


eee eee eee rere reer rere errr reer errr errr rere errr rere errr errr errr reer errr reer rere errr rere ere reer rer errr rere rere ere reer 
Steen eee eee e eee e eee esse eee eee eee eee ee see ee see ee eee eee eee EES EE ESE SEE SEES E ESSE EES ESE EES EEEES EEE SESH SEEDS ESE EEE EES 
Beet w eee e tween eee e eee e tent ease esse eases eee eee ee see ease eee eee eee eessEEEE SES SESEE SEE EESEEEEESEEEE SEE SEE EES SE SEES EES 
eee reer eer ere rere eee rere errr eee ere eer eee ere ere eee ree rere eee e errr e errr reer errr ere rere rere reer rere ere riers 


eee acces cere ees eee se reese assesses eases eee ees esse esas es Eee EEE seEeE EES EEEEEEeEDOseeEHE EEE seseeeseseesaseessesessee® 


2) Which kind of mulches reduce downy mildew in. cucumber? 


ee eeeee ere rere eee eee eee ee eee eee eee ee eee eee reer errr ere re rere rer reer e ree reer rere eres 
seseccssssoeosessesesesesosessssssssssessssssessssssssesessssssssessssesssssseesssssesesssssesssssesseseseosssesesssse 
sesessessoseeseseseesesesessosesssessessssssecsssssocesesessesssesssecscssssseesessssesssesesesosessososessseecossocsess 
Peer ere reer rere eee reer reer rere eee ere ree reer errr ree ree rer irri eerie ie errr 


errr eee er errr reer rere rere errr eee rere eee eee eee ree eee rer errr errr rer errs errr reer errr reer rere reer reer rere errr e eer) 


Poem e tere eee meena rete eres esse eee eee eee EE ESE SESE TOTES EEE TEE SETHE EE SEEHESEE EEE EESEEE SESE SEEEES OSES SEES EE EE TEESE 
ssssesosssessossssscososossecssssssocesesssosscsssssssossssssecssssscosesossssesssssesesssceoscssssessossosososessosooe 
sesessssssssesesssesesssessossssesosssesesesesosssseesessssssesssssssesssesesessssssscesesssesesesssessssessesssesssee 
seseessesososoessossosossessossossssossossssesosesssssssesessoesesossesssesoesesesssesesesssosesssssssesesesssssesssss 


sesssesssesseesssosesssssssesssssssssesssssesessossesesesssssssesesssssssessesessesesssssssesesesssesesssssssseesesese 


5.4 BIO-PESTICIDES 


Bio-pesticides, the chemicals derived from biological organisms are used for 
effective control of pests diseases. Several plant extracts control pests and diseases 
and some of them have been developed as commercial formulations. Commercial 
formulations of pepper/mustard, cassia and clove extracts suppress Fusarium 
infection. 


Neem products (oil/cake/kernel extracts) 


Traditionally neem, Azadirachta indica is widely used against insects and 
microbes. Commercial formulations of neem oil (90%) are used to control various 
pests in crop plants. Neem oil cake and neem seed kernel extract (5%) are also 
useful in pest control in crops. The neem oil cakes are extensively used to 
minimize nematode attacks in various crop plants. 


Azadirachtin: Out of more than 50 terpenoid substances derived from various 
parts of neem tree, azadirachtin, is the most important and major active ingredient 
of neem products used on various pests. Azadirachtin is a feeding deterrent, 
growth disrupter and acts as repelling agent as well as direct killer of insects. Its 
effect on fecundity, hatchability, larval growth, food consumption and entry into 
next generation is well documented. However, it breaks down rapidly under 
natural conditions. 


Fistulosin: This is a novel antifungal compound isolated from roots of Welsh 
Onion which shows high activity against Fusarium oxysporium, primarily 
inhibiting protein synthesis. 


Mirabilis antiviral protein (MAP) extracts : The root extracts of Mirabilis jalapa, 
containing a ribosome inactivating protein called MAP are effective to control 
mechanically transmitted viruses like, potato virus X (PVX) and potato spindle 
tuber viroid (PSTV). 
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5.5 BIOLOGICAL CONTROL 


Biological control refers to the reduction of diseases or pests with the use of 
parasitoids/parasites, predators and microbial pathogens associated with the pests 
or diseases as a part of natural mortality factors or by manipulating hosts 
environment or by using antagonists. 


5.5.1 Use of Predators in Insect Control 


Predators are those animals including insects which feed and develop on other 
animals and insects. They are fast in consuming the prey (insect-pests) and require 
many insects to complete their life cycle. Several insects of Coleoptera predate 
on other insects under natural conditions. By manipulating the habitat and 
providing behaviour changing inputs, the activity of predators can be enhanced. 
Rapeseed crop grown adjoining bamboos enhance coccinelids. Cotton crop 
adjoining cowpea increases the development several predators that are active on 
whiteflies and aphids. Eucalyptus acts as reservoir of Amblyseius sp. that thrives 
on citrus pests. 


5.5.2 Use of Pathogens in Insect Control 


Pathogens are the microbial organisms, like bacteria, fungi, viruses, protozoans, 
rickettsia, nematode etc. which cause diseases to insect-pests. Among several 
entomogenous bacteria, Bacillus thuringiensi (BT), spore forming bacterium is 
the most versatile and potential for insect pest control. BT effectively controls 
several pests, such as, corn earworm, tobacco hornworm, tobacco budworm, 
cotton leaf perforator and pink bollworm, sugarcane borer, etc. In addition, 
Nuclear Polyhedrosis Virus (NPV) of baculoviruses is very effective in controlling 
many lepidopteran and a few dipteran insects/ pests, causing disease. Combination 
of BT and NPV is very effective to control several pathogens, like Malacosma 
fragile. The performance of bacterial pathogens like, BT is enhanced by adding 
additives or stickers, such as, cornmeal baits, Triton B-1956, surfactant oils, etc. 
Similarly, some species of deuteromycotina (fungi imperfecti) are potential agents 
to cause diseases among lepidopteran, homopteran, coleopteran insect pests. 


5.5.3 Use of Parasitoids in Insect Control 


Insect that thrives on other insects either externally or internally and slowly 
devitalizes and kills the host is referred to as parasitoid. Several insects of 
hymenoptera (membrane winged insect) and diptera (two winged insects) are 
commonly occurring parasitoids in agro-eco-systems of tropical climate. 


5.5.4 Use of Microbes in Disease Control 


Several microbes serve as effective biological control agents (BCA) in protecting 
plant from pathogens. These microbes are able to control the pathogen by 
inhibiting its development and also establish themselves in sufficient numbers 
at the location to provide effective control. 


Some of the commonly available BCAs are given in Table 5.2. 


Table 5.2: Commercially Available BCAs and their Target Disease /Pathogen 


Trade Name (s) Target Disease or Pathogen 


Trichoderma harzianum | F-stop, Binab-T 


Several soil borne diseases of 
fungal origin (such as, R. solani 
and S. rolfsii of cotton and B. 
cinerea of cucumber, grapes and 
strawberry), wood decays, 
mushroom dry bubble, silver leaf 
of fruit trees, etc. 


Trichoderma viride Fusarial disease of 
Chrysanthemum, Sclerotiana rot 


of sunflower, etc. 


Glio Gard 


Dagger G, Biomonas} Rhizoctonia and Pythium damping 
off, Fusarium oxysporium in 
cotton, etc. 


Bacillus subtilis Kodiak, Seedling diseases 
Quantum 4000 
Streptomyces griseoviridis Seedling diseases 


The BCA is used either for seed treatment @ 5g/kg seed before sowing or for 
field application along with cow dung manure or FYM. 


Gliocladium 
(Trichoderma) virens 


Heterobasidium rot, Sclerotiana 
rot of sunflower, Rhizoctonia 
solani in cotton, Botrytis cinerea 
in strawberry, Fusarium 
oxysporium in cucumber, etc. 


Pseudomonas fluorescens 


Mode of action of BCAs is mostly attributed to antagonism which is a type of 
symbiosis in which one organism is harmed by the other either by the latter 
being parasitic or predatory on former (exploitation) or through competition for 
food in short supply (competition) or through secretion of certain toxic substances 
(antibiosis). 


5.5.5 Use of Mycorrhiza for Disease Control 


Mycorrhizal fungi are symbiotic organisms that live on the roots of several plants. 
Among them, endomycorrhizae are important for increasing resistance against 
pathogens. Several endomycorrhizal fungi, Glomus mosseae, G. fasiculatum, G. 
intraradices, and G. multiculae are effectively used for management of several 
diseases. For example, root rot and wilt of alfalfa, root rot of citrus, wilt of 
cotton, root rot of cucumber, pink rot of onion, root rot of pea, root rot of 
groundnut, fungal wilt of tomato, etc. are controlled by these fungi. These fungi 
enhance nutrient uptake and strengthen the plants against diseases. They also 
enhance root growth to compensate the damage caused by pathogens and their 
exudates affecting the colonization of pathogens. The AGC Microbio of 
Cambridge, United Kingdom, produces endomycorrizae by trade name of 
Vaminoc. 


5.5.6 Cross Protection in Disease Control 


„Plants already inoculated with one strain (challenged strain) do not develop any 
additional symptom when inoculated with a second strain (challenging strain). 
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This phenomenon is called cross-protection. One of the most successful 
commercial exploitations of cross-protection,for viral disease control is 
inoculation of citrus with mild strain of citrus tristeza virus (CTV). Mild strain 
of tomato mosaic tobamovirus (ToMV) provide protection to tomatoes grown in 
commercial glasshouses. Development of bacterial wilt of tomato caused by 
Ralstonia solanacearum is suppressed by an avirulent strain isolated from 
Strelitzia reginae. 


5.5.7 Use of Insect Attractants 


Chemicals responsible for movement of insects towards their source of food and 
shelter are called insect attractants. These compounds influence gustatory and 
olfactory receptors and sensilla of phytophagous insects. Many phases of insect 
behaviour in searching food, oviposition site and sexual mate are stimulated and 
regulated by chemicals. Insect attractants are classified into several groups, such 
as, pheromones, allomones, kairomones and natural food lures. Pheromones 
(mostly, parapheromones-synthetic chemical compounds act as pheromones) is 
presently most popular. 


Pheromones: These are chemicals released by an organism to outside environment 
that cause specific reaction in the receiving organism of the same species. Being 
exocrine in origin, these compounds were earlier referred to as ectohormones of 
insects. Subsequently, their communicating character by permeating into 
environment made them to be called as pheromones. The pheromones which 
regulate the behavior of sex in insects are known as sex pheromones. These sex 
pheromones are mostly released by female insects to attract male partners. The 
sex pheromones are chemically identified and synthetically developed for more 
than 200 insect species. However, these are popularly used for a few selective 
insects in crop fields, forests, orchards and grain storages, They are widely used 
for detecting, monitoring, confusing and destroying in case of several noctuides, 
pyralids of lepidopteran insects and curculionids, bruchids of coleopteran insects 
that are economically important. Recently, pheromone-baited traps are widely 
used for the management of brinjal shoot and fruit borer, Leucinodes orbonalis 
(lepidopteran insect). 


Allomones: Allomone is a chemical or mixture of chemicals released by one 
organism that induces response in an individual of another species, giving 
advantage to the releaser. Defensive secretion of insects that is poisonous or 
repugnant to the enemies is common in ants, bees, beetles, etc. 


Kairomones: Kairomones are regarded as allomones or pheromones that have 
evolutionarily boomeranged or backfired on the releaser and become 
advantageous to the receiver i.e., another species (natural enemy). The sex 
pheromone of Nezara viridula being an allomone initially, later converts as 
kairomone (attractant) to its parasite, Trichpod pennepes (tachinid fly). 


Natural Food lures: These are chemicals produced by plants and animal hosts to 
attract (lure) insects for feeding. Food lures stimulate olfactory receptors. These 
may be floral scents in case of nectar feeding, essential oils in case of ` 
phytophagous insects, decomposing products for scavengers and carbon dioxide, 
lactic acid and water for blood sucking insects. 


Attractants are effective tools of integrated pest management, since they do not Integrated Pest 


disturb the ecosystem or food chain. They do not affect the non-target organisms 


Management 


and can be used for mass trapping or misguiding the insects in agro-ecosystems. 


Check Your Progress 3 


Note: a) Compare your answers with those given at the end of unit. 


“1 


2) 


3) 


4) 


5) 


against insects and microbes. 


b) Use the space below for your answers. 


Define bio-pesticides. 


Seen e meee eee cent ee ease eee eee sees esse see se sees ee ese ees ees SeS Es ESE SES SEEEEESESEEEESEEESE SEE ESE SOE E SEES ESSE ESSE EEE EEeEEe 
PTeUVUCECEe CeCe eee eee eee eee ee eee eee errr eee ere erer errr ere eer ere rere rere errr reer errr reer errr errr reer errr rr rer) 
Poeeeeee eee ere ee eee reer rere eee ere eee re ere reer reer ere ere ree ree rer reer e reer rere rr erie ry 


POeeee eee eee eee eee eee ee ee eee eee eee eee reer ee errr ere eer rer ee errr rere erie ee eee rrr rer reer erie r rere rere rer) 


Preeeeeee eee ee eee eee eee rere eee eee rere errr errr errr rere errr rer rere ere reer rere reer) 
ssssesssossoosssossssssssossssssssssssosssssssssssssessssssssssssssssssosssessessssssssesessssssssecssssesesseseeesess 
sesssseessssesecssssssosesssssesesissesosssssssesesssssessessssesessessessssssssssssssesssessessssssseesssessessssesss 


ssssssssessssessessssssesessssssesosssoesssssosesssesssesessssesssssessossssssssssessesosesssesssssssssscessssesosssss 


ssssesssossssssssessssoesssossosssessecssesessoseesesossssssssssossssesssssessssssosssssesessossessssoseessssesseessse 
ssssssesssssessessesoseesessssosesstessseesessssesessssssssssesesssessseosesesesessssssessssssssssessssssssssseseessss 
sessossesssoesecsssssosesosssssssssssssosssesesosesesosecessssecsesssososesssseecosesesooosssesosososossossssosesososs 


sesssseseseseesssesessssessssssssssesssesesssssesssesssesessssseseesesssesessessesssssesesessesssssssssssssssesscsoses 


sesesssssssessosssesseseesssssessssssesessssesssessesssssssesssssssssesesssssssesasssssesssssesesesesssesesesssseseses 
sssssessssssosssssssssecesssessossssssssssessssssssssssssssssssssssssssesssssssesesessssesesssesesesssssocosesesoseseee 


sessssesessesesssssssessseshssessssssecssssesecesssssssesssssssesecsssessessssesssssessseseseesesesssesesessssesceosse 


Fill in the blanks: 


D o aenunarnoreu is a chemical or mixture of chemicals released by 
one organism that induces response in an individual of another species, 
giving advantage to the releaser. 


ii) Mode of action of BCAs is attributed with exploitation, competition or 


Pee eee e erence rene eee se reas eee se esse eee eee sees ses essesesseseses © 


iii) Bacillus thuringiensis (BT) is effective to control several ................. : 
AO E E are released by female insects to attract male partners. 
Y) -Traditionally csscccisncccsscctracciacmucns is well known and widely used 
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e Integrated control involves a control strategy in which a variety of cultural, 
biological and chemical control measures are combined to give stable, long- 
term pest and disease control. 


e Crop rotation and cropping system are the important cultural methods of 
pest and disease management which aim at the reducing the pest and pathogen 
population by suitable adjustment of agronomical practices. Planting or 
sowing of botanically unrelated crop plants in a seasonal sequence is 
agronomically known as crop rotation. 


e Continuous monoculture of annual crop may provide conditions for rapid 
multiplication of pests and pathogens, especially in case of soil borne 
pathogens. 


e Multiple cropping is the system of growing two or more crops as intercrop, 
mixed crop or barrier crop simultaneously or in staggered manner. Planting 
of non host-plant crops after 2-3 rows of main crop effectively controls 
diseases and pests. 


e In mixed cropping system, several crops are grown together in random 
mixing pattern by sowing a mixture of seeds. A trap crop is a small planting 
often occupying only a few rows, planted earlier than the main planting for 
the purpose of diverting insects away from main crop. 


e Antagonistic crop is also a small planting raised as an intercrop or border 
crop where root exudates of these crops possess chemicals that are released 
into the soil and inactivate the soil inhabiting pests or pathogens like 
nematodes. 


e The organic amendments may exert stimulatory and inhibitory effects on 
the pathogen population and disease development either by preventing 
infection by activating soil microflora potentially competitive with or 
antagonistic to plant pathogens present in the soil or controlling the plant 
pathogens by producing toxic compounds in the soil. 


e Organic mulches consisting of stubbles and other plant debris are used 
primarily for conservation of soil moisture and organic matter and reducing 
soil erosion. 


e Nutrient stress can cause several deficiency diseases in many crops. Nitrogen 
leads to rapid vegetative growth and its excess dose increases the 
susceptibility of crop plants to several diseases. Phosphate fertilization 
enhances resistance in crops. Abundant supply of potassium enhances the 
level of resistance of plants to several diseases. 


e Bio-pesticides particularly neem effectively control pests or diseases. 
Azadirachtin is the most important and major active ingredient of neem 
products effective on various pests viruses. 


e Biological control is the reduction of diseases or pests with the use of 
parasitoids/parasites, predators and microbial pathogens associated with the 
pests or diseases as a part of natural mortality factors or by manipulating 


hosts environment or by using antagonists. Predators are those animals 
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including insects feed and develop on other animals and insects. Pathogens 
are the microbial organisms, like, bacteria, fungi, viruses, protozoans, 
rickettsia, nematode etc. cause diseases to insect pests. Several microbes 
have been identified as effective. 


ə Cross-protection is successfully used for viral disease control in citrus with 
a mild strain of citrus tristeza virus (CTV). Chemicals that cause insects to 
make movements towards their source of food and shelter are called insect 
attractants. 


e Pheromones are chemicals released by an organism to outside environment 
that cause specific reaction in the receiving organism of the same species. 
Pheromone-baited traps are widely used for the management of brinjal shoot 
and fruit borer. Allomones are defensive secretions of insects. 


5.7 KEYWORDS 


Agronomical : Related to cultivation process in agriculture. 
Antagonistic : Interference of a substance or organ by the action 
of another. 

Avirulent : An organism without the power of infection. 
Bacteria : An organism of minute body cell with nucluoid 
instead of nucleus. 

Baculoviruses : A group of viruses forming nucleopolyhedro in 
host. 

Coleopteran : A group of insects like lady bird beetle. 

Damping off : A rot disease at seedling stage. 

Deuteromycotina : A sub-division of fungal kingdom. 

Endomycorrhizae : Also called VAM-vesicular arbuscular mycorrhiza, 


symbiotic fungi present inside the host. 


Exudates : Secrets out. 
Fecundity : Number of eggs per laying. 
Fodder : Animal feeds. 
Food Lures : Food which attracts insects for feeding. 
Fungi : They include microorganisms such as yeasts and 
molds, as well as the more familiar mushrooms. 
Hatchability : Ability to hatch young ones. 
Homopteran : A suborder under hemiptera insect with fore wings. 
Infestation Piercing or damage caused by pests. 
Innocuous : Harmless due to less in number i.e. lesser than 
minimal number required to cause disease. 
Intercept : Capture. 
Jassid : A type of insect affecting cotton crop. 
: A type of insect like butterfly. 


Lepidopteran 
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Microbes 
Microflora 
Mosaic 


Mulches 
Mycorrhiza 


Nematode 
Parasitoids 
Pathogens 
Pest 


Pheromone 


Phytophagous 


Predators 


Predisposes 


Protozoans 


Rickettsia 


Symptom 


Viruses 


Organisms (fungi, bacteria, protozoa, etc.) having 
small fruitbodies or structures. 


Whole microorganisms in certain environment or 
place. 


A type of colouration with two or more colours 
arranged in alternate patches. 


Covering. 


A symbiotic, non-pathogenic or feebly pathogenic 
association of a fungus and the roots of a plant. 


Organism with slender and wormlike body 
inhabits in soil. 


Parasites that influence the pests of field and 
orchard crops by devitalizing and kiling the host. 


A parasite able to cause disease in a particular host 
or range of hosts. 


Organism that causes loss or annoyance to man or 
his property to the extent that warrants its control. 


A chemical signal that triggers a natural response’ 
in another member of the same species. 


Plant eating. 


Individual that lives by preying upon individuals 
of other species. 


Creates condition favourable for infection. 


A type of parasitic microorganism which cannot 
be grown outside the host. 


Microorganism similar to bacterium in most 
respects but generally capable of multiplying only 
inside living host cells; parasitic or symbiotic. 
Expresioon of diseases on body. 


Submicroscopic, filterable, infectious organisms 
with central nucleic acid (RNA/DNA) covered by 
proteinaceous coat. 
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5.9 MODEL ANSWERS TO CHECK YOUR 
PROGRESS 


Check Your Progress 1 


1) IPM refers to integrated pest management which is a control strategy in 
which a variety of cultural, biological and chemical control measures are 
combined to provide stable, long-term pest and disease control. 


2) Planting or sowing of botanically unrelated crop plants in a seasonal sequence 
is agronomically known as crop rotation whereas: croping system is the 
system of growing two or more crops as intercrop, mixed crop or barrier 
crop simultaneously or in a staggered manner so that the growth period of 
two crops overlaps. 


3) Same pathogen does not attack both the crops (wheat-barley, wheat-gram 
etc.) grown together in the same field in mixed cropping, therefore at least 
one crop is saved if other one gets infested. 


4) i) Beneficial 

ii) Soil borne 

iii) Nematodes 

iv) Pests, diseases, soil borne 
Check Your Progress 2 


1) Application of neem oil cakes in the soil helps in keeping down the nematode 
population in cotton. 


2) Black polythene mulch reduces cucumber downy mildew. 


3) Cabbage club root can be reduced by using lime due to shift in pH of soil 
especially in root zone. It can be further enhanced by application of nitrate 
fertilizer. 


Check Your Progress 3 


1) Bio-pesticides are the chemicals derived from biological organisms effective 
to control pests or diseases. 


2) Biological control is the reduction of diseases or pests with the use of 
parasitoids/parasites, predators and microbial pathogens associated with the 
pests or diseases as a part of natural mortality factors or by manipulating 
hosts environment or by using antagonists. 
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3) 


4) 


5) 


These are chemicals released by an organism to outside environment that 
cause specific reaction in the receiving organism of the same species. 


Plants already inoculated with one strain (challenged strain) do not develop 
any additional symptom when inoculated with a second strain (challenging 
strain). This phenomenon is called cross-protection. 


i) Allomone 

ii) Antibiosis 

iii) Pests 

iv) Sex pheromones 


v) Neem 


